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METHOD AND DEVICE FOR WOUND HEALING 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority from provisional application Serial No. 60/363,036, titled 
"System for Wound Healing" filed March 6, 2002. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

This invention was made with United States Government support under Cooperative 
Agreement Number 031 5 8879-01 with the National Medical Technology Testbed, Inc., United 
States Department of the Army. The United States Government has certain rights in this 
invention. 

BACKGROUND 

Pressure sores, also called decubitus ulcers, are injuries to the skin and underlying tissues 
caused by direct pressure over time to superficial tissues, including weight bearing over bony 
prominence, and shearing force on the skin. They can be exacerbated by excessive moisture on 
the skin, occlusion of lymphatic vessels, stress and smoking. 

Pressure sores range from a very mild pink coloration of the skin, which disappears in a 
few hours, to a very deep wound extending through bone or into internal organs. These sores are 
classified in stages according to the severity of the wound. The most common scale to assess 
pressure sores is the National Pressure Ulcer Advisory Panel Scale which grades sores by 4 
grades. Stage 1 is a non-blanchable erythema of intact skin. Stage II is partial loss of skin 
thickness where the ulcer presents as a skin abrasion. Stage III involves full loss of skin and 
necrosis to underlying fascia. Stage IV involves skin and fascia and or bone and muscle 
necrosis. 

Pressure sores are a common medical problem causing substantial morbidity. For 
example, the incidence of pressure sores during hospitalization from stroke is 21%. The 
incidence of pressure sores is over 30% per year in patients with spinal cord injuries, and after 
hospitalization from stroke. The incidence of pressure sores is 41% in elderly patients 
discharged from a nursing home without stroke. Even pregnant women in hospitals are 
susceptible to pressure sores. 

Once pressure sores develop, they can take months to heal, or can remain chronically open 
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sores. They often become infected leading to local abscess and septicemia. 

Treatment of pressure sores include removal of the cause, the application of topical 
substances, debridement, and surgical procedures where the wounds are covered with tissue 
flaps. However, these treatments are often unsuccessful and, even when successful, are 
5 associated with a high recurrence rate. 

Other types of soft tissue wounds may include, but not be limited to, diabetic ulcers, burns, 
and surgical incisions. Diabetic ulcers cause over 70,000 amputations a year in the United States 
alone. A method and system for treating such pressure sores and other soft tissue wounds would 
be desirable. 

10 It is known to use electrical stimulation to promote healing of soft tissue wounds. Previous 

studies of electrical stimulation to treat pressure sores employed electrical stimulation with 
variation of stimulation parameters, such as current and waveform. Almost all modes of 
stimulation healed sores to some extent, but no studies optimized stimulation parameters. 
Additionally, the electrode placement and cross sectional area of the electrodes varied, the extent 

15 of the sores (stages I- IV) varied, as did the length of time the areas were stimulated. 

For example, with reference to Figure 1, one prior art system uses two electrodes 10 
disposed closely adjacent to and on opposite sides of a wound 12 so that the path of current is 
across the wound. Modified square wave DC biphasic pulses are used, up to 100 pulses per 
second. Since the electrodes are placed across the wound, however, the electrical stimulation 

20 travels in a path of lowest resistance and the pattern of current flows between the two electrodes 
resemble that of Maxwell field lines as shown in Figure 1, with the highest intensity through the 
center and intensity reduced exponentially, the further away the tissue is from the shortest line 
connecting the two electrodes. Therefore, for wounds that are irregularly shaped, or wounds that 
are deep such as stage 4 pressure sores, very little current actually travels into the wound, and 

25 electrical stimulation of such pressure sores results in low rates of healing. 

For these reasons among others, while therapists use electrical stimulation to treat pressure 
sores, there is no FDA approval of electrical stimulation for treatment of pressure sores or other 
soft tissue wounds. Further, conventional systems are expensive and complex. Therefore, it 
would be useful to have a system for the application of electrical stimulation to pressure sores 

30 that optimizes stimulation parameters. Further, it would be useful to have a system that a patient 
could use at home to apply electrical stimulation to a pressure sore. 
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SUMMARY 

• A method of promoting the healing of a wound disposed in soft tissue and having a 
physical extent is described comprising the steps of providing control circuitry to control the 
application of electrical current through a plurality of electrodes; applying three or more 
5 electrodes to the surface of the soft tissue around and in proximity to the wound, wherein each of 
the three or more electrodes is connected to the control circuitry; conducting an electrical current 
through the three or more electrodes, such that one electrode functions as a current source and 
one or more of the remaining electrodes functions as a current sink; and switching the function 
of acting as a current source and as a current sink among the electrodes. In one preferred 

10 embodiment, the step of switching proceeds in a sequence rotationally around the wound. 

In another preferred embodiment, all remaining electrodes function as current sinks, and 
one or more of the remaining electrodes is connected to ground through an electrical resistance. 
Optionally, all electrodes functioning as current sinks are placed in series with electrical 
resistances set in the control circuitry, such that an electrical current flows into the physical 

1 5 extent of the wound. In a still further embodiment, the control circuitry is capable of measuring 
the electrical impedance between the electrode functioning as the current source and the one or 
more electrodes functioning as current sinks, and the measured electrical impedance is used to 
adjust the electrical resistances. 

In another preferred embodiment, a distal electrode is applied to soft tissue remote from 

20 the proximate physical extent of the wound, wherein the distal electrode is connected to the 
control circuitry. Optionally, the remote soft tissue is on the opposite side of the body as the 
physical extent of the wound. Preferably, the distal electrode functions as a current sink. In 
another preferred embodiment, the switching is controlled to cause an electrical current to move 
helically into the physical extent of the wound. 

25 In another embodiment, the healing of the wound from electrical impedance measurement 

is detected, and the pattern of stimulation is adjusted as the wound heals to optimize healing, 

In another embodiment, the control circuitry is capable of measuring an electrical 
impedance value between the electrode functioning as the current source and the one or more 
electrodes functioning as current sinks, the steps of applying, conducting, and switching are 

30 repeated in more than one treatment session, an electrical impedance value is measured in each 
treatment session, the measured impedance value is stored, and a healing rate for the wound is 
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calculated from one or more stored impedance values. 

Optionally, the electrical current can be an AC current. In one preferred embodiment, the 
electrical current alternates between a pulsital AC current, and a DC current. 

In a still further embodiment, at least one of the electrodes is applied within the physical 
5 extent of the wound. 

A method for promoting the healing of a wound disposed in soft tissue and having a 
physical extent is disclosed comprising the steps for providing three or more electrodes for 
application of electrical current to the soft tissue; conducting electrical current through the 
electrodes; causing one of the electrodes to function as a current source and one or more of the 
10 remaining electrodes to function as a current sink; and switching the function of acting as a 
current source and as a current sink among the electrodes. 

A device for promoting the healing of a wound disposed in soft tissue and having a 
physical extent is described, comprising three or more electrodes; and control circuitry connected 
to the three or more electrodes to control the application of electrical current through the 
15 electrodes, the control circuitry capable of conducting an electrical current through the three or 
more electrodes such that one electrode can function as a current source and one or more of the 
remaining electrodes can function as a current sink and further capable of switching the function 
of acting as a current source and as a current sink among the electrodes. 

In one preferred embodiment, the control circuitry is further capable of measuring the 
20 electrical impedance between the electrode functioning as the current source and the one or more 
electrodes functioning as current sinks. 

In a further embodiment, one of the electrodes is adapted to be applied to soft tissue remote 
from the proximate physical extent of the wound. 

In a still further embodiment, the control circuitry is capable of measuring an electrical 
25 impedance value between the electrode functioning as the current source and the one or more 
electrodes functioning as current sinks. Additionally, optionally the control circuitry is capable 
of conducting both a pulsital AC current, and a DC current. 

A device for promoting the healing of a wound disposed in soft tissue and having a 
physical extent is described comprising three or more electrodes; means for conducting electrical 
30 current through the electrodes, connected to the three or more electrodes; means for causing one 
of the electrodes to function as a current source and one or more of the remaining electrodes to 
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function as a current sink, connected to conducting means; and means for switching the function 
of acting as a current source and as a current sink among the electrodes, connected to the causing 
means. 

DRAWINGS 

5 These and other features, aspects, and advantages of the present invention will become 

better understood with reference to the following description, appended claims, and 
accompanying drawings, where: 

Figure 1 is a block diagram of the lines of current flow across a wound between two 
electrodes, according to a prior art system. 
10 Figure 2 is a block diagram of an electrode array placed around and in proximity to a 

wound, useable in one embodiment of the method of the invention. 

Figure 3 is a block diagram of the electrical current flow in proximity to a wound, induced 
by one embodiment of the invention. 

Figure 4 is a block diagram of a rotational current pathway induced by another 
15 embodiment of the invention. 

Figure 5 is a block diagram of the electrode array of Figure 2, with the addition of a distal 
electrode shown in outline, on a portion of the body opposing the location of the wound. 

Figure 6 is a cross-sectional block diagram of the wound of Figure 5, showing the 
electrical current flow induced in a deep wound by that embodiment of the present invention. 
20 Figure 7 is a block diagram of a circuit useable for control circuitry in one embodiment of 

the present invention. 

Figure 8 is a block diagram of another circuit useable for control circuitry in another 
embodiment of the present invention. 

DESCRIPTION 

25 The present invention is a method and device for applying electrical stimulation to soft 

tissue wounds, such as pressure sores, and is particularly useful with higher stage pressure sores 
and irregularly shaped pressure sores. The invention, however, can be used on a wide variation 
of soft tissue wounds, such as diabetic ulcers, burns, and surgical incisions. 

With reference to Figure 2, there is shown a diagram of placement of three electrodes 101, 

30 102, 103 around and in proximity to soft tissue wound 12 according to one embodiment of the 
present invention. As can be seen, the three electrodes are labeled 101, 102 and 103. In use, 
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when electrode 101 functions as a current source, electrode 102 and electrode 103 become 
reference electrodes and function as current sinks. In turn, when electrode 102 functions as a 
current source, electrode 101 and electrode 103 become reference electrodes and function as 
current sinks, and so on. 

5 Although in this embodiment three electrodes are used, any plurality of three or more 

electrodes, such as four, five, or more electrodes could also be used. As will be known by those 
with skill in the art with reference to this disclosure, the electrodes can be constructed of any 
suitable electrically conductive material. 

With reference to Figure 3, in another embodiment, the system uses a switch, which may 

10 be analog, to vary the resistance to ground of two of the plurality of electrodes in sequence, such 
that an electrical current, represented by field lines 14, then flows from electrode 101 toward 
electrode 102 and slightly toward electrode 103. As shown in Figure 3, when electrode 102 is 
given a solid ground, electrode 103 is given a soft ground through a resistor 16. The amount of 
this resistance is also variable and depends on the impedance of the wound, as will be understood 

1 5 by those with skill in the art with reference to this disclosure. 

After a stimulus is applied through electrode 101, the stimulus is switched to go through 
electrode 102. Electrode 103 then becomes the hard ground electrode allowing a current path to 
flow between electrode 102 and electrode 103 with resistance 16 the applied between electrode 
101 and ground, allowing some current flow across the wound and the rest to flow around the 

20 wound. After a stimulus is delivered through electrode 102, the process is repeated by switching 
the stimulus to go through electrode 103 so that an electrode 103 to electrode 101 pathway yields 
a high current pathway and a low current pathway is established between electrode 103 and 
electrode 102. By pulsing the stimuli in a circular motion around the wound, a current flow, 
represented by field lines 14, is established around the perimeter of wound, as well as across the 

25 physical extent of the wound, as shown in Figure 4. 

Referring now to Figure 5, there is shown a diagram of a further method for electrical 
stimulation to a deep soft tissue wound, such as a stage 4 pressure sore, according to the present 
invention. As can be seen, in addition to electrode 101, electrode 102, and electrode 103 (or 
optionally more electrodes as determined by the embodiment in use) arrayed around and in 

30 proximity to wound 12, a distal electrode 104 (shown in outline) is applied on the opposite side 
of the soft tissue wound 12. For example, if the wound 12 is on a limb, distal electrode 104 
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would be on the opposite side of the limb from the wound. 

When the electrode 101 applies stimulation, resistances are placed between electrode 102 
and ground and electrode 103 and ground, creating a high current pathway between electrode 
101 and distal electrode 104, and low current pathways between the remaining electrodes. This 
5 pattern is changed as electrical stimulation is rotated among electrode 101, electrode 102, and 
electrode 103 (or more electrodes). This allows a rotary electrical action around the surface of 
the wound, and also allows current to penetrate from three or more sides through the wound into 
the bottom of the wound. As shown in Figure 6, this creates an electrical current 14 moving 
helically deep in the wound 12 (and toward a bone if disposed between the wound and distal 
10 electrode 104), in what may be called a whirlpool fashion, rather than merely across the surface 
of the wound. 
Control Circuitry 

Referring now to Figure 7, there is shown a typical control circuitry useable in the present 
invention. Those skilled in the art with reference to this disclosure will be able to construct a 

1 5 suitable control circuit, and this circuit is disclosed as an example of what could be used to 
control the present invention. 

As can be seen, a microprocessor 20 is used to control the electrode array. A sine 
generator 22 produces a sine wave output at 50,000 cycles per second. (Other waveforms could 
be used in an appropriate circuit.) The stimulator outputs are current controlled and are 

20 generated from a D/A converter (1-3) 24 from parallel ports E, F and G 26. The electrode 

resistance is switched through an analog switch 28. A finite number of resistors 30 are used in a 
ladder such that a digital 8 bit word can select any of 256 different resistances. 

The resister packs have 8 resistors; 0, 75 , 100, 150, 200, 250, 500 and 1000 ohms. The 
common of the resister packs go to ground through a 10 ohm resistor. An output from this 

25 resistor is used to measure impedance on each electrode though an A/D converter. By 

comparing the input phase angle to the output phase angle through A/D4 32, the phase shift is 
calculated. The parallel ports can switch either electrode 101, electrode 102 or electrode 103 to 
ground directly through the analog switches or through single or combinations of resistors. For 
example, if a 1000 ohm and a 500 ohm resistor are both turned on, then the resistance of the 

30 electrode to ground is, according to Ohms law: 
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-L-- U-L (i) 

R t R x R 2 

In this case, R t will equal 333 ohms. 

In this manner, by turning on as many as all 8 channels of the switch, current is varied in 
the output loops. 

5 The size of the resistor in the present system is typically 300 ohm and varies as a function 

of the tissue impedance. The size of the resistor is chosen as a multiple of tissue impedance to 
bend the current. For example, if it is assumed that the tissue impedance is 800 ohms, a 300- 
ohm resistor is used to bend one third of the current across the wound and the majority of the 
current is in line between the perimeter electrodes. However, this can be adjusted to vary the 

10 amount of current going into the wound by varying the resistor tied in series with the electrodes 
during rotary stimulation. 

Tissue impedance is measured dynamically in between impulses. As an electrode finishes 
firing, the pathway between that electrode and next electrode is used to measure tissue 
impedance. A 100 microamp subliminal current is applied in between each stimulus between 

15 any two electrodes to measure the impedance of the tissue across the wound. The frequency in 
the exemplar embodiment is 50,000 cycles per second. (As will be known to those skilled in the 
art with reference to this disclosure, although a sine wave is used in this embodiment, other 
waveforms and frequencies can be generated.) This current, then, travels through the wound and 
provides a measure of the impedance of the wounds such that as the wound heals or if the wound 

20 gets dry or wet during the stimulation process, the impedance of the electrodes changes 

dynamically to always provide the same extent of bending of the current around the wound. In 
this manner, a whirlpool electrical current flows around and into the wound to heal the 
superficial wound when stimulated with an appropriate waveform. 

In different studies, different investigators have stated that pulsital AC currents and DC 

25 continuous low-level micro amp currents work best to heal wounds. The electrical current 
during stimulation in the present system is a combination of AC, and DC currents. To take 
advantage of both types of current, the electrical current delivered by the electrodes of the 
present system preferably comprise pulsital AC current as the function of current source is 
rotated between the electrodes 101, electrode 102, and electrode 103, and in the interval between 

30 the application of pulses between the electrodes, a 100 microamp DC current is applied. 
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Therefore, in one preferred embodiment, both AC and DC current are applied through the 
electrodes to maximize wound healing. 

Referring now to Figure 8, there is shown a diagram of another embodiment of a control 
circuit for four electrodes. Microprocessor 40 communicates with parts of the stimulator through 
5 digital to analog (D/A) and A-D converters and through a gate array chip 42. 

The microprocessor 40 has several functions. First, the microprocessor controls a sine 
wave generator 44 and selects a frequency of the generator at either 10, 25 or 50 kilocycles. The 
output of the sine wave generator 44 is kept constant with the constant current amplifier at a 
current of one milliamp. 

10 In one embodiment, the microprocessor 40 does not generate the sine wave because the 

frequency of the sine wave is too high for the microprocessor to maintain output and to provide 
high enough rates of data input and output to control the sine wave generator directly. 
Therefore, the sine wave generator 44 is preferably a discreet chip. The output of the chip is 
switched between electrodes 101, 102, 103 and 106 by an analog switch 46. The analog switch 

15 46 is controlled through the gate array 42 that is also controlled through the microprocessor 40. 

The sine wave output is applied through the electrodes and the amplitude and phase of the 
sine wave are detected through an analog digital converter. The analog digital converter is 
shown on the diagram as A/D-4 48. The analog digital converter is a 12-bit analog to digital 
converter and provides an input to the microprocessor 40, showing the phase and amplitude of 

20 the sign wave being generated into the analog switch. Once the sine wave output is applied to 
the skin, it is sampled through A-D converters AD-0 50, AD-1 52, AD-2 54, and AD-3 56. 

A 10 ohm resistor is in series with analog switches 60, 62, 64 and 66. The analog switches 
are switched by the microprocessor through the gate array 42 such that each electrode 101, 102, 
103 and 106 can either be switched to a ten-ohm resistor as shown on the diagram directly to 

25 ground or through a series of resistors to ground. 

The resistor packs 70, 72, 74, and 76 are headers that hold 12 resistors. One resistor is a 
straight wire going to ground while another is a 22 mega-ohm resistor. The rest of the resistors 
are set such that a variable resistance can be selected from the analog switches (60, 62, 64, and 
66) for each electrode so that a variable resistance can be set from each of the respective 

30 electrodes to ground. The analog switches shown in 60, 62, 64, and 66 are all controlled by gate 
array 42 such that 12 individual analog switches can be selected. By allowing individual switch 
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selection, combinations of resistors can be used so that rather than 12 discreet impedances 
between electrodes 101, 102, 103, 106 and ground, by selecting combinations of switches, to be 
either off or on in the analog switches 60, 62, 64, and 66, the number of potential resistances to 
ground become selectable as 2 to the 2 12 possible impedances. 
5 Each resistor in resistor packs 70, 72, 74, and 76 are one-tenth watt resistors. An 

operational amplifier is connected from each 10 ohm resistor as shown in the diagram as 
operational amplifiers 80, 82, 84, and 86 such that the output across the 10 ohm resistors is 
amplified with a gain of 100. The amplified output is then fed back to the microprocessor 
through A-D converters 50, 52, 54 and 56. In this way, then, if the resistor packs are set such 

10 that the 10 ohm resistor is shorted to ground, the amplitude and phase angle of an impedance 
generated by chips 44 and 46 can be measured at the 10 ohm resister. By measuring the 
amplitude and phase angle, a complex impedance change across the outputs of electrodes of 101, 
102, 103 and 106 can therefore be calculated. Analog digital converters 50, 52, 54 and 56 are 
also 12-bit analog to digital converter chips with a speed of at least 20,000 samples per second. 

15 Therefore, the impedance across any pair of electrodes can be measured by selecting an 

output in analog switch chip 46 to provide an output to either electrode 101, 102, 103 or 106 and 
then by selecting the appropriate input through analog switches 60, 62, 64 and 66 from electrode 
101, 102, 103 or 106, the appropriate electrode pair can be sampled and impedance can be 
measured through A-D converters 50, 52, 54, and 56. Phase angle can be measured by cross 

20 comparing the phase of the sine wave between A-D 4 48 and A-D 0 50, A-D 1 52, A-D 2 54 and 
A-D 3 56. 

The stimulator output can also be switched between electrodes 101, 102, 103 and 106 
when impedance is not being measured. Since the stimulator output will also be selected on 
leads to the electrodes, analog switch chip 46 must be switched off during electrical stimulation. 

25 Therefore, chip 46 has an output that can be either switched to leads to the electrodes or set to 
infinity. This can be accomplished by tri-stating chip 46 or having a fifth output where the 
output is switched to an output that is not switched to the body. In between, stimulation 
impedance can be measured. During stimulation, chip 46 is turned off. During actual 
stimulation itself, the stimulation is a sine wave, or other desired wave, that is generated from 

30 D/A converters 90 and 92. D/A 90 generates the actual sign wave stimulus output 96 whereas 
D/A 92 controls the amplitude. The sine wave is set at a frequency of 10 to 50 cycle impulses 
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per second and pulse width between 1000 and 1000 microseconds by the computer. The 
amplitude is variable and is controlled by D/A 92 between 0 and 25 milliamps. In addition, a 
DC offset can be provided in between stimulation with the sine wave through D/A 94. D/A 94 is 
also a 12-bit D-A converter as is D-A 90 and D/A 92 and provides a 0 to 5 milliamp DC offset. 

5 This offset can be switched either mixed with the sine wave or can be provided independently to 
leads to the electrodes in between sine wave generation. Therefore, the two independent outputs 
go to analog switch 110 and analog switch 1 10 can switch either one lead into output 1, 2, 3 and 
4 or both waves together into 1, 2, 3, or 4. Analog switch 1 10 is also controlled by the gate array 
42. Sin summary, chip 46 switches the sine wave to measure impedance while chip 110 

10 switches the electrical stimulation output which can be either AC, DC or both mixed together. 

Although the present invention has been discussed in considerable detail with reference to 
certain preferred embodiments, other embodiments are possible. For example, so long as there is 
at least one electrode functioning as a current source and one functioning as a current sink, it 
would be possible to have only some of the electrodes act as current sinks. Further, the 

1 5 application of a distal electrode according to the invention would be possible at various sites 
remote from the proximate physical extent of the wound. In an even further embodiment, the 
distal electrode could be switched to function as a current source, with one or more electrodes 
around and in proximity to the wound acting as current sinks. In a still further embodiment, 
impedance values between the current source electrode and current sink electrodes could be 

20 measured in multiple treatment sessions, stored, and used to calculate a healing rate for the 

wound as the impedance values changed. Therefore, the scope of the appended claims should 
not be limited to the description of preferred embodiments contained in this disclosure. 



